Fe at 25.5 nm. 5 The demonstration of high gain, in excess of 35 cm -1 , on the Ni-like analog of the transient scheme for the Pd 4d→4p J=0→1 line at 14.7 nm has been a further step towards attaining a shorter wavelength x-ray laser pumped by table-top scale lasers. 5, 6 As a result of the fast picosecond driving pulse used to generate the population inversion, it is calculated from numerical simulations that transient collisional excitation can produce very high gains above 100
cm -1 on Ne-like and Ni-like ion systems. 1, [6] [7] [8] However, a combination of effects including fast collisional redistribution, ionization and plasma cooling produce high gain conditions which are predicted to last a very short period of time from femtoseconds to a few tens of picoseconds. 1, 8 Experimental characterization of this x-ray laser scheme is necessary to better understand the underlying atomic and plasma processes. A determination of the transient gain lifetime would be important for confirming the atomic kinetics and hydrodynamics simulations as well as determining the optimum laser driver conditions for maximizing the x-ray laser output. In this
Letter we report the measurement of the effective gain lifetime for a 1-ps driven The experiments were conducted at the Lawrence Livermore National Laboratory Janus laser facilities. 5, 6 Two stages of laser irradiation were used to achieve the transient collisional excitation
x-ray laser. An 800 ps (FWHM) pulse at 1064 nm with up to 6 J energy from Janus was focused to a peak intensity of 1 TW cm -2 to produce the long scalelength plasma with the correct ionization. The transient excitation was generated by a 1.1 ps (FWHM) pulse at 1053 nm with a maximum of 6 J energy from the hybrid chirped pulse amplification Janus laser system focused to 800 TW cm -2 on target. The two pulses were synchronized and could be fired at a rate of 1 shot/ 3 minutes. The pulseshape and width of the picosecond beam was measured using a single-shot second order autocorrelator while an optical streak camera monitored the synchronization of the two pulses. The line focus was kept fixed at 70 µm wide (FWHM) by 1.25 cm long and the uniformity was monitored on each shot by a crossed slit x-ray charge-coupled device (CCD)
camera. The two laser pulses were incident on the target surface with 0° phase along the line focus, shown in Figure 1 with a 1200 line mm -1 grating, was aligned on axis to the line focus using gold-coated mirror collection optics. The intensity of the Ni-like Pd 14.7 nm x-ray laser line was measured in second diffraction order with a back-thinned 1024 × 1024 CCD detector. The short pulse was delayed by 1.3 ns relative to the peak of the long pulse to optimize the x-ray laser output. Laser irradiation, focal and pulse synchronization conditions were then held constant for the gain measurements. Figure 2 shows a typical axial spectrum of the 14.7 nm laser line from a 0.6 cm target.
The intensity of the 14.7 nm laser line was observed to increase by 4 orders of magnitude when the target length was changed from 0.1 to 0.8 cm. 6 The intensity as a function of length could not be fitted by a function with a single exponential gain value. Instead the gain was extracted by averaging the intensity of typically two to three shots at a particular length and then applying the in laser plasmas 10 and capillary x-ray lasers 11 .
In summary, we have determined the 1/e effective gain lifetime to be 7 to 8 ps for a 14.7 nm
Ni-like Pd x-ray laser driven by a 1 ps optical laser pump. This is in good agreement with modeling simulations of the experimental conditions. The equivalent propagation time would correspond to a target length of approximately 0.2 cm. It is clear that one consequence of the effective gain lifetime is significant reduction of the maximum gain observed in this system for these pulse durations. Higher effective gains are expected by using traveling wave irradiation geometry, see for example Barty et al., 12 to synchronize the phase of the pump pulse with the propagation of the x-ray laser along the plasma column. With this technique at more dense and homogeneous plasma profiles, gains exceeding 100 cm -1 are anticipated. 
